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iteaattonftl Hflimmh  }w ll and.^1 Keioort rg..IJtg 

Transient  Ionospheric Echo«» et Tire Metres Wavelength 

(i) An investigation of  aiv~rt   luratioo  radio echoes observed at 4 - 5 
notres wavelength  in  the  neighbourhood  of the Z recim  of the  ionosphere 
1B described.     Observaiiofie by vertical bean radio oquijinentr  showed that 
the echoes occurred no-rt  fretjient\y at  a heigh-t  of about        :jn. 
directional charaoionEt.es -.'ere  reve-alod by the use of »quipnBOts with 
oblique bearaa,   th# diurnal variations being different  on different 

r   boarin^s. 
j 

(ii) /.".alyais  of the  results uaa  indicated the close lini: in  ohajmcteriatioa 
of these  echoes and meteora,   and h,.e thus confirmed  the  suggestion  of 
meteoric origin which has bead rnade by  son» previous workers.     A detailed 
correlation  is denonstrated  in  tho present  investigation,   and  a nethori 
ic  described for the dotemination of the radiant» of the most active 
wteor stroana by moans  of observation of these  ionospheric  echoes. 
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3. 

The oooun«enoe In the E region of the ionosphere of eporadio 
inoreaaea in loniaatioc, not explicable -in tonu of the normal S layer 
lonlaatlon by ultra-violet light, wet« roportod by -.pplototi (1) in 1930. 
ThiB phenonenan haa ainoe boon the  subject of nauvy lnvertigation« by 
radio pulao reflexion methods.    Tho i*e«ulta havo boon doaoxlbed by 
.\pploton" and. Naiamith (2) who found that this abnormal S iojitaatlon ... 
ooourred tuj a thin Layer at a lowor holaht thin tho maximum of tho Bormil 
S layer.    The abnormal B layer might perairt for minuteu or houra,  the 
aritioal frequency rarely exceeding 10 l.to/e and generally being oon«ld«r- 
ably lesi.    Soraa form of «olar influenoe m found to be pjpeaent, but 
the abhomal ionlaatlon ooourred at night a« «ell aa by day and It 
appoAgad. that other agenolei ou«t b« primarily reapooalble for it« for»«»- 
tXoo.    Tha ionoapherlo «tudi*» a« fail tgr Aejfleton« ttaiamuth and Ingrem 
lndioated a Ml**iap b»*eneu the derelopnent or the abnormal £ IVer ,Lnd 

nutgnetio storm* and aurora,  and Uorknor and Wolla (4)  found «onaiderebl« 
latitude variation*.    Rotcliffo and Tnlte (5)  roportod a oorrolation with 
thunder»tom».    Sohafor and Coodall (6),  in collaboration with Skellett 
(7), found that during the Loonid rjfjteor «howoro of 1931   end 1932,  tho 
level of efeDorml E layor loniaatio» -reoohod ita peak at tho time of tho 
expected n»^«« of the ahowera,   aid that inorocuod iaciaation ooourred 
«iaultaneoualy with the vialblo paaeage of oertain meteor«.    During 
Leonid «hower* in later year a, Ultra,  Syam,  and Ghoae (6), Bhar (9),  and 
Pi*^j« (»<>)• «•Bart«* *•* oopflnratloo of H» «oteorlo effect«. 

In. addliion to the abnorme! (or aporadio) S layor,  reflexions of 
duration vaiying from a fraction of a «eoond to a few aooonda hare been 
dotooted at frequonoioa far exoooding tho oritioal froou'oncioa of oithor 
the abnormal or normal I layers.     Thoee oohooa  oro now generally too1"«! 
as lono^herio aoattor oohooa.    Their ooourronoe waa noted by -Apploton, 
Nalaoilth,  and Ingrain (3),  and their rthgTaiatrlbutioo and reflexion 
ooeffloienta diiouased "by Applotoft and Plddington  (11). 

Sokeriley (12)  alao doaorlbed tholr oharaetoriotloa,   end Skellett 
(13; oon aide rod that the data aooorded with tho laoteorlo explanation. 
It my be noted that Sohafer and GoodalA.(6)  rooorded these abort duration 
eohoea,  is addition to the poaldng of the abnormal X layor oritioal 
freejienor, during the Leonid «hower of 1931.    Sokeraloy and Pu*i»r (lit.) 
later Investigated tho dlrootion of arrival and polar! action of the «bort 
•oatter ochoe* and thought that tho re«ulte did not oonfam with thj 
notoorie hypothoaii.    Appleton in hi« rooent Kolvin Leaturo (15), 
oonaldored however that the ovldenoo «o far avoiloblo had »trongly 
«uggertod notoorio origin. 
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Ij:iTL'Ta Ol^diaVd.TIO.g,,   OCTO^IJ! ^ ]m_ 2SIH^, 1%4 

7. Transient echoes were  ..biorvcd at wsaroloagtha of .'.  t        ..-etiva on 
certain long range orey radar equi] nont* wittr olov .toe I ping tho 
latter part  of V9Wt,     •'• oftftin  of 12   of these  radar sets syodi 
and inarmed by X,K   OnBrortnd,   and the  authors were  directly ooooorned  in 
on  advisory capacity,  both In  the planning of the  system and  investigation 
f ita ore rational parformanoo. The trr.namittors o&oii r ...dated approxi- 

^toty 5CO pulse;; per seoond with . pulse durati A, at about 3 raicroscca, 
and a poa5c power of  I ..    The:  aerial  ayateua provided booms 1.1th oxen 
around 45° to 55° elevation,   acme  of th • ika of 
four dipoloa arid other tingle Yap:   aerials.    Che   roeeiYAr time  • 
extended to 150,000 yds.,  and the aharacterietlcc of 1 a oxoeedj 
'2  seconds du rat4 on  were  noted by direct visual   ibsexvation. 

3, An analysis  of  transient  oehoea   jbaervod botrreon  M   October 
19 Kovuiabor,   was toad« by E.-.   Britten,* <ffhe  wo«   werkln,! in ooll-±>aratien 
with the    urthors.     The analysis   showed that of a total of 343 echoes 
during the period 16 October to 19 l.'ovaaibor,  the  average  duration was 
about  13   aoos.     The mean   signal  to noi30-rntio v/aa   about  U,   tho  pool: 
values in  wrylitudc being  obtained at  the onset of tiic echo,     rhe 
overage initial range Was about 124 Ita,     .'.Esuning the moan  olovation 
of observation was that  of the  olovation  of the inaxUaum of the  radio 
bear-.,   the jjuio  helgSSl were   calculated to be  approximately 93 IÜB-   for 
first  appearance  and  91   \n.   for  final  range  on   disappearance.     The 
analysis also revealed the  interesting feature  that  although th. le 
a considerable   overlap in   the  cove rage   of  the   stations   it  r/as  rare   for 
an   echo  to txj  observed  Binultonoouely by more  tlian   one   station,     Further, 
a diurnal, rariatiofl   in   frequency  of  occurrence "W^a  iv corded,   th.    .. 
being  around   sunrise,   the   r.inintu..  after  sunset. 

i:.'vax:vi;»-.Tioir.. n:rü..'c ..."CJ - oertd-h 1945 

9. Tlie  above   series   of  obeervati.'ns was   incidental   to  .11  oper 
watch onintaincd for other purposes.     At the  end  of the   »a*  i:     scalar 
poseiblo  through  tho  ce—operation  of A.A.   Cosmand to  utilise  their 
radar facilities  for oxperioonts designed  t -  elucidate more  spoo  - 
tho  characteristics  of  these   ahort  echoes,   .aid  hence  to  add to   the 
existing knowloe\go concerning their nature and possible  origin, 
this  end,   a watch was  act  up  invelvinp  fivo  radar-  stations,  Banned   . 
orgonisod by A, -.   Cceriand,  while the  authori wore   responsible   for 
sciontific direction  of the experiments and analysis, of results.     II 1 r 
wore  two  systems, illustrated   In  Fig.   1,   .dach conflicted ef:- 

" 
(a) Two   similar  aots -.1   and ;.2  at    -ldoburgh having twin rort 

Yagis  on  the  receivers   .and  single Yagis on  the  tranandttor  . 
Th* ce  cquipTVjnts  wore   in  operation   at Aldcburgh during Juno 
July,   1945,   and  later Were  transferred  to  Shuurners  ohOK 
furthor set  of recordings was Bode from 5-13 October, 194-5. 

(b) Three  similar acts,  31,  32  and S3,   at Aldeburgh,     rOawr,    ... 
Riclmond  roapoCtiroly,   having tiriJi Yagis on   the  rooe       .    ,   TO 
slnglo Yagis on  tho tK*.soulttors,   the angle of clevr.ti-:.    f tho 
Yagi   .axes  being  52°  in  each  case.     The   bearings i.crv   init 
chosen   so  that  tho teams of the  atrtions  intersected at    , p.>i;it 
about   100 SSL,   in   height  and   approximately   equidistant   fren  each 
station,     Subsenjiontly observations wore also iivadc  on  other 
bearings.    Tho throe  sets wore  operated during Juno and ,'ul.. , 

• 
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10. Tho polar diagrams of the so  sots,. obtained by rncosuroirtoots-with a 
•nn.11  CW.   oscillator suspended from a balloon,-are shown in Fig,   2.    Wo 
shall now proceed to describe the purpose  of tlic   two   system*  ana  tho 
results obtained from than in tho order raentlonod. 

13. 

Iho vortical beam station«, A1. .£, 

"•• It «n« oonsidered that  amongst other oharactorlstioi which might 
otaergo  from their use,   the vertical  looking sets would be  oepooially 
valooblo in determining height distribution.    Tho purpose in having two 
stations was to oetsparc their performance both with similar and varied 
condition* of operation.     In  the  first  few woe!« they wore oporatod 
independently at fretjuonoios of 73 Ko/s'ond 55 '•tv's;    but subsequently 
both were maintained at 73 Uo/s and tho offoots of varying^ polarisation, 
and of using «,-oonJon transmitter iastoad of two indBpeadont ones were 
investigated. 

A oomparieon waa also made botwoen visual recording of cohoos 
displayed on tho onthodo ray tubo as deflections of a linear timo base, 
and photographic rooording of a brightness modulated time baso oh a. 
ifi jam.   film serving at a.«pood of 1.2'inches per miaute.     In the lattor 
oaee oohoca wore reoordod on the film a*-iipota if tho odho duration was 
«hart,  or as lines if the duration was lorrg- enough for tho film to have 
moved aprpreoiably.    Cine photographs,  token at 16 frames a second of 
typical oohoos presented as deflections on a H&e*r time baso an.   shown 
iii Pig.  3 a,  b,  o,  d.    Those illustrate the appearance of tho time baau 
to the operator making visual observations.    An example of on  ocho of 
very short duration,   in this oaso of large amplitude,  Is given  in i^ig.  3 b, 
in which tho jjaho can be soon during only ono frame,  end its duration 
«rust henoe be about 1/16  second or less.    Xypioal soattor oohoos   Sho«Si 
\f photograph    ruoprding of the brightnea* siodulatod trace are gtnti. in 
Tig.   V,   whioh inaludo* exaaplos of oohoos lasting  »overr.l  soconds. 

U. We  shall- firat consider the  results for the following three pariods, 
for eooh of whioh the  total number of echoes obsorvod visually oxooedod 
1000. 

Period 
 .    —  

Details 

- 2? Jmo A1   on Jl Mo/»,  *2 on 55 iia/s. Visual Hooco>iin.g. 

P-,17 July on  73-Mo/e, with oonrior, transmit tor. 
Visual and Photographic Isjcording. 

24 July - 1   -Vug. A1   and A2 on 7J Wo/e,  with ssrpamfco tranamittora. 
Visual and Photographic Booording. 

1.'.. Graphs showing how the- nunbor of oohoos per hour varied with the 
hour of 5, 'W)d the rango distributions shown 
in Fig.   6.    Those graphs of-«jasftl "fooordint 5 dooeo«träte aubstont^ 

—«jpneeaont between  the two stations,   although the-hourly rate for the 
f£ ilo/s i thtrTlrst period is higher .than that of the 
73 Mc/s str.i, - In diffcr.ncua between tho throe periods arc 
apparent in the SOL 1 variations of rate of oocurronoo, most 

•d peak in. frequency whi:'..    ccura around aid- 
nig; the interpretation of issod 

• - • r .!•'.:*. i :.s nhow no narked changes 
for tho t - , 

» - 

!\ 



-?*£' '''•'•• 
/•-*"**'"' 

-   " Rpproximat:;..;• ixprcsent height ..istributione/"- 
m&Aimum number' or echoes occur Is ^around •;/  So.   .-     - 
oorreotlon to tha iango üi-striboEiori,  to take into account   :    _. 

- "j_ib«feOTi4thris-aleo considered.in?art IL    _ - •-"•" '• 

-„15. Despite the fact that the-.two  3cts wer        z'~ - 
ldontioal~raaarjsoyerage, and that the forrc of the results reveals 

^' -similarity, the number of simultaneous observations recordca visually at r 
the two'stations amounted to slightly undor 50'. or the »oh by any 

*.-*•_ one station.    This :ia readily explicable from 'tho fact that by far the 
greater number of echoes of oohoes wore of momentary duration and that 

I p • echoes, of~-smfaH-3ignal strength wore more numerous tlicut-t'.ioso -of large 
—1-amplitude.    As an example,  the ratio of numbers of ochoea Uf duration 

. ~ les3 than 1 -second compared with those of greater duration, was 3,1». : 1, 
whilo tho ratio of the number of signals exceeding twice noise power        -• 

• 'oomparod with those excoedingj f our times noise power was 2.2(1,       It is 
understandable therefore that. visual_obsprVation might bo especially .. 
liable to miss a proportion of echoes owingVo preponderance of echoes of 

WBr short. duration and small sigpal amplitude. 

16.      ,.— Oporation of tho photographic recording-of the brightnoss modi; 
time-baso was intermittent owing to tho development of ^feeclinicrö—fault', 
but tho results indicated on increaso of about 20,j in the total nuiaber 
o'fiaeidoBts and a slight increase in the number of coincidences. 

•7-1 X.   "efficiency of this system dopondod TOI caroful adjustment and "stability 
in the sotting of traco brightness and of receiver gain, which dotermino* 
the noiso lcvol which appears as a spcoklod background on tho film. 
Iüporfcctions in tho recording apparatus, prevented the coincidence rorto 
from being groatcr, but it must be romomborod tMt tho difficulties of 
recognising small,  short duration echoes on a noise background i£ such 
that 100.J coincidences oan never be expected, .^aith the knowledge of tho 
earlier experiences,  special precautions were^taken in a few days of . 
photographic recordings obtaihod at\ SheOrnosa in oarly October, 191f5>  and 
the coincidence rate then rose to 85.-. '      • 

.   17. In addition to tho throo periods of observation tabulated above, 
several experiments on polarisation effects were undertaken for periods 
of one'or two dfys.    Although these tests covered such a limited period, 
thoy were sufficient for tho. conclusion to bo drawn that there wac no 
sigtiifidant change when the plane, of polarisation was changed through 

i    90 , that is from Eaat - '.fest to North - South.    Vurther,. when tho 
',   polarisation of a tronsmittoj;. Bas^at 90?   to that of the receiver tho 

number of echoes foil considerably,  showing that tho polarisation of 
the,.echoed field tondod to bo tho same as that transmitted." 

—   •     The inclined beam stations 

18. We chnJ.l now consider the results for the three sets B1, B2,  and, 
B3t  at «.ldoburgh,  Volmer,  and Richmond reapeotlvely, with tho axbeof 
their inclined beams intersooting at about 100 7M. height.    The purpose 
of this experiment was firstly, to fijc the location in space~of echoos 
seen simultaneously by tho three stations by measurement of the ranges 
from the three obsorving stations,  and aooondly, to investigate any 
aspect effects, that is variation of reflected signal according to the 
direction of incidence of the radio waves.    It was realised that both 
of those aims might not bo fulfilled,   ainoo, if aspoot proved a critical 
factor,  the chancoa of simultaneous obaorvation of echoes by the threo 
stations would be d'imtnishod.    In later poriods the threo stations were 
sot on other bearings in. order to oompare tho results for several   . 
direotioijs, the axes of the threo beams in these oases no ion- 
a common point of intersection.,   Visual recording was used through 

' 
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with ecraq additional ohooling of results, by photographic recording.     The 
experiments and the results obtainod,  for thruo periods tabulated below, 

1 now be discussed, i 

20. 

. 

Period 0, 3.   Grid Bearing of Station« 

1  June - 17 July, 
1945 M -  250°; B2 - 315°;     B3 - 62°  (Bean axes 

intersecting) 

17 Juno - U July, 
1945 31 - 160°; 32 .- 270°;    33 - 90°'' 

26 July - 1   Aug., 
1545 21 -  180°; D2 - <fi,    33 - 90^ 

— 

0  first period when  the three  stations were  set with their SJOM 

intersect ;>.-•  %a   illustrated  111 .ig.   1,  extended from 1  June to 17 Jaly, 
thus covering the first  two periods for the vertical beam stations 
disoussed  in  tile pmviouj  section.     Graphs  of the variation  of frequency 
of  ccourrcnoe  of echoes vita tine  of day axe  shown  in Tig.   7,   and of 
the  range u.istribution  in ^ig.   8.     As  cocparod with the vertical  looking 
station;;,   the   average  n'xnbcr M  is  aotn  t - have  increased and  the 
rongo distribution  extends to greater ranges.    Vhose facts may bo 
interpreted by reforonco to the result:.' for the vertical  station which 
indicated a fairly narrav height band  containing the  «ourocE  of reflexion.--^' 
The beams of the  inclined stations  intersect a greater area of this  layer 
as ilüustrcted in -'ig.  9 and the number of echoes and the  limits of   maxim» and 
tdrdLrruj ranges are increased accordingly. 

'   A more   interesting foaturo,   however,   is presented by the marked _      "~~~ 
maxima und pAnimn in  frequency of occurrence  of oohoes,   the  tiraco of 
theso noxtna  TOO T.iinima being different  for the  throe  stations  respec- 
tively.    Vhus 81   iias its greatest poolc in frequency at 2130 bXB, , E~  at 
0030 hrs,,   and 33 at 1230 lure.    This indioatos at onoo that the  sources 
of reflexion  show roariccd aspect offoots wfcich ore more apparant with 
inclined be - h vortical. 

Confirmatory evidence of the as-ppct sonsitivity of the  sources  of 
reflexion was provided by the rarity of siraultanooiu ooho otLcrvationa 
by  the tlireo  stations.     In order to allow for lags in  operators'   recording, 
a time difft rencc of Of) to 5 sees., -tod in regarding echoes 
entered in  the  logt  pt the respective   stations  as  ainiilc.'Tioou.. 
the period 1  Juno to  17 July,   on  only  four ocoas! this criterion 
satisfiod out of oa -average of oror two thousand echoes observed by oaoh 
station when  they woro  all  in  operation  at  the   swue tine.     If the  stations 
arc  oonsitlerod  in piir»,   the  awerage1 peroontage  of incidents observed by 
two  stations,  with not ooro thar.  5  socs.   intorvaJ   between   recorded tiiaos, 
was appro xirv J*ly 3     if the total nurfcor of ochoes  seen  by one  station. 
In  order  to  apprc .'ate  the  theoretical  chancos  of  such coinc-wenoec,   v/c 
-oast  coneidor the  cxt* at   of overlapping covorago.   (See Fig.   v. 1 

probability »f colncidenoer .;orent  oases has  bem   calculated 
assuming isotropio scat trrinr sources  in a single thin layer at 97 Km. 
height,   and  echo  stroxgths a* observed ;. rtical beam stations. 
The percentage ooinoidoi tod on this baaia art compared bolow 
with the ph-TV^  *v*ttll I  for viseel recording;.. 

) 
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Triple ooinoideoooB for B1, a2, Zl>\- 

Calculatod probsMlily * 3.1 ' of total number r>t echoe» »eon by all 
stations. 

aj. 

Observed coincidences • 0.02,,. 

Double coincidences, B1, B3:- 

Calculated probability =. 10,3' of total nunber of ecHoe« «eon by both 
station«. 

Observed ooincidenoes « 1,6* 

Thus we ace that even  if.we  nuitiply the observed coincidences by 
a factor of 4 in  the  o^ao of double  coincidences and of 12 in  the ca.se 
of triple coincidences in order to allow for echoe« miasod by the 
observore,   the calculated probahilily,  basod on tho assumption of 
Isotropie scattering «ouroes,  is greater than the obsorvod poroentage. 
ffc may therefore oocolude that the echoes show differential of foots 
according to the dirootion  of tho observation.    This is further borne 
out by the coincidence perecntago observed between B1,  the oblique beam 
station at Aldoburgh,  and the vertical bean station AI,' (or A2), 
situated on tho same site.     If the echoing sources are sensitive to 
the dirootion of incidence then the probability of coincidence botwoen 
B1  and -1   (or A2) might be increased over that calculated on the basic 
of isotropio aourooe.    This is actually tho case as shown by the follow- 
ing figures. 

24. 

Double coincidences M  and A1   (or A2). 

Calculated probability • 1.2fj of all the echoes seen by both static: 
(This figure Is more liable to error than th 
quoted above  owing to inoonplate fcnowlodge of 
tho beam of the inclined station in the vorti- 
cal direction.) 

Observed ooinoidenoes «    yfi 

This differehoo is acoentuated by allowing for visual echoes misc. i. 
*e conclude therefore that both the reduction of coincidences for stati- 
on  soparated sites but with intersecting beams,  and tho increase fur 
stations on the same sito with partial ovorlap of coverage,  as coc^arod 
with the oaloulated values,  accord with the assuqption  that the «oho 
sources are sensitive with respect to aapoöt. 

THE jfiraoKIC TrfBORif 
' " ',     • 

At the end of July, A,A» Catnaaaä w»»"» unablo to continue to providt 
the porsonnel to man tho five stations.    Their participation oeojoü, 
therefore,  except for some further valuable assistance in the reading 
of tho photographically reoordod film« and for tho further trial in 
Ooiobor with tho vertical boom sets at Sheernesa which has boon discussod 
previously,    Tho resoaroh was therefore continued on ä more limited acalo 
in Richmond Park by tho author«,  with the help of a few othor Operational 
Research Group personnel. 

At this tiäo it was felt that the results presented strong conflr. 
of the moteofio origin of the echoes.    U»teo*s are' known to leave streaks 
or trains whjoh can persist f»r long porioct»;    Such glowing aolucnt -aust 
evidently be intensely ionised and tho high' electron donsitioa. will t?ieru- 
fore produce totally reflecting surfaces for frequencies below the critical; 
frequency, while partial reflexion« will occur at higher frequencies. 
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  . ' tac< 
most favourable aspect for a reflexion back '•'.'_ tflght 

"Tmglcs~'to the incident ray7 wo have at oncö a.possible L .   - s  I fe»' 
.-Ltical aspect-off cot Just discu        , 

>       -..         "..'.' —rly const      ,           '.'                   ootii _ 
' •,-.• only'suf i';•.-.            fcflooting 1                livable only from 

side view.    A.4virna3  • ••-        •  i , *B'"!iKc'Wn in i'ig._ 7,-would bo expected 
the daily cycle of .'-changes in""Bcaring and elevation of tiic meteor- 

. radiants active -at the time.' ' ~— ' , • • - 

• !•-.Uor in October and lioveoixiv ..:•'-' ,  • •- "•.  ähser^oSäarH 
'"«ere made, many ech '""•:: •• j-QSjC  "' hoes of-more than '    "   , 

23. duration Won   noted,  and of thas< ..,..' 13 ::CCTJ. 
' '  bftfce were »one of. oven 13 oboe, it Wi_i_f elf that this 

nä4#*~aoooSSte*iSb the- meteoric,    theory ainci. tho second half of Tue'year is n*U 
more favourable thron, the fir at f or-jätstso£_observation. 

. _ •     Ehe detailed discus. ' '..'.-.so points Will be left "to Part. II of ... 

.this paper,   '1'or tho ps< suffice to say. thatJfcAie. evidence in 
favour- of meteoric origin of- thc*echocs appoarod strong,    "ho subsequent 
investigations therefore wore directed so that, with, tho limited 
facilities wEich remained available after the end of July,  some clear 
correlation meteor shower-might bo sought. 

- • 

:-.r-TMiS OUBBiG THE R3R5EJI>'siffiViIJi,: 19^5 '   "- '—       „   - ' 

She first attempt tö determine specific changes in scatter   . 
ns during ono of the more notabT* meteor showers'of the ;. 

..de during the Perseid "shower of Z.ugust, 1 %&r_ The seij_i-3, »tea,  
.   '.'  '       in Richmond Park,, and th       3 sPoamilaSrDU^-f a 

0930 to 12J0 hrs. a,'..!;  daily fro» 10 - lAüugUst inclusive.    The set     ', 
waa a-intained on a bearing 90° throughout,    ThB^ersoidlradiant. is ...,..•   —.. 
is R. ..  Itß , Deol,   + 58° and the shovier-normally reaches its peak 
11  *J\Z„--ugust.     '-s obsotved^from Richmond Park the* radiant should move 
Brora bearing 300° t"_o 320°' and the elevation from 60° to hO° durint; the 
time of the watch.    Trom the polar diagram of tho equipment' shown- ir. 
Pig,  2,   end the range limits of obseiafaiioiiVin this case froa-fic Ka, 
to 200 liu,  it may readily be deduced that the beam.of tfreast Just oovors 

-directions at right angles to the reliant"during the-period af the watch- 
The authors are indebted to B. Rimmington for valuable astdctanoo in   • 
carrying out the photographic recording aid subscoiict^, reading of 
f iia. • •        /  . - -  -     . 

Ono of thp^nost  striking results which emerged was the increased 
"duration of tho echoes, -as compared with those of the previous months. 
Ehe number of ocho'cs of long duration, ro3c to a pronounced peak on 
12 August, when Z\\ of tho echoes persisted more than 5 sods. 
be compared with tho last week of July when less than 2,, of the echoes - 
were of"more than 5 sees,  duration.    The frequency of occurrence_of the 
echoes readied its nasjmum on 11 august.    These two results are r~prc^ 
acnted graphically in Vig. 10,  and for comparison, we have included 
those obtained during 26 - 31. July for tho aano-.d--.ily oeriod,  set bearing, 
and recording method.    The peal: in the frequency of occurrence of echoes 
of more thae- 5 sees,  duration is particularly marked.   Although no 

. direct visual observations of "this meteor, shower ''as attested,  it is 
known that tho Peraoids appear with no remarkable variations in numbers 
practically every'..ugust.    The stream begins, to cut the earth about the 
middle of July,  the .. y be oxpecied on 11 -'.ugust.    Böte rs are 
still vor;.' frecuent for tho next two nights after which-tharc.de a sllarp 
decline (16).    The observations therefore correspond well wit'.. knos 
astronomical characteristica,    —' 
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.   It Was not pj , 
scattar watch further unti 
that date witph a single- rortic -_.--- ••?.. .  . 
being to investigate    • 
of occurrence of L 

purpose the viwrticrJ   cot •-' 
the diurnal vartationc being ttjoh 1( 

iher,   it would provide it  record, 
limitations,   tho wntcJ 
1630 hrs.  G.j»T.   daily;    tti 
period Dccoiiibor 19^3 to June 1 %£ inolu«±v».   AW nsoc ie -:• 
visual observation of the ocho^. 
period 20 - 22 April inclusivo,   the tine    if the'lfTY 
was carried out at'night tCkxig with 0. v 
sky.    Daily fiwasurwtttit« of tJr ver 
sensitivity mere   a noe as a 
possible variable afl   c rv  i  ret-    if  occurrur.. 

Ifeodrd of neati  ikurl;-   .-c.to;   ^.   e; ,ee;, ' y-i^ - Jane,   19,l^jb. 

31. Tho riläin purpcac of t:. rationed  rove,   to 
look for clear oorrola shcwpra. 
Referring or;-» ice  In  th. 
.'•.stronouioal As*»c 
main  showers expected 4urfu£ . _*»rfn-^tb   '-*"•  •?  - 
January,  and the 
charocterici. . 
hand,  have c   du. 
In Pig.  11,  where- thi Uw 
period 6 Docodber - -i6 HayJ -oir.   «d   ' 
oxpoctod ti 1 
occurs at  the kri 
with a Maximum on  £'. 
faithful reprciductit . 
of scatter ocjioot proviüod'u 
origin   of at  lc;\. 

fl-irj.'^qiao..: JgllQ  ibifeiy^±of:  -J» 'jx.   .   2    .,,'.-  .:    . _,_J  

.. direct vat: 
r provided further   • 

with . 
on each    f >.. 
through 1 
above thai  observer.    H 

I 
f*   _ 

ubtaruic-r. '.y       —'" 

~a  the   .:-r 

&il*d 
dt-hour rkirld-rif?.' ^r 

.rpondod fl*ith the ruaax- boot yc*. 
included neat of the / 
ochoing «ouroo tnigU 
poesuLbie to 5C)i r. aon aide ratio 

• 
into lonoc  uid prr-vl<'_ 
apparent   t 
wore  ill* . 
while  no'.  ftotij lor' 
one   I /».rti 

,c   • 
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The  a'sy v&a cluar throughout tue «*wle period of observation,  with 
the exoepti n z on tlio  second night when  -. filw 
and broken patch of cirro-stratus entorod the field of view, but this 

not sufficiently donac to iinpair observation sorioualy.    The apparont 
traoks of all -re-seen, pVoJootod on to n horltontal plane,  r.re 
show  in ^,~.   13,       he  lirt of neteora, 1.3-Mi all,   Mid partioula.rs_of.thc 
radar ochoea are given in the table on the previous page. 

In tho prooeding table tho re were 8 aoteora t l,  produced 
if b*o*a«ary,  paaaod through tho raglon of tho viewing froue,  and of 
these»? were «jssociatod with radar cohoos,    .'.a to the rooairing one, the 
observer stated at the tin» that -fai-waa doubtful whether he--had genuinely 
seen a . .otoor;    it is notable that all tho others-wero  stated to bo 
bright  md "—'< t^ake^M^    Tho vlsibl* p«Jrt» of the paths of throe  of 
tho Lajtoore,  \."hioh gave  r^jia» «chocs,  WaN ooopl^toty outside the fTCM» 
but  in two OABOS the produced paths passed through it. 

We nety conclude , that visible aoteors entering the radar coverage 
can definitely be associated with scatter eohoes.     In addition +-<•> tlie 
raur.r echoes listed in the riove table,  there were  abou* so;-en timer as 
nany radax eohoes with no uctcore apparont in tho sfcy.     Tho existence of 
f*iirt notoors whloh arc observable teleloopioally although not visible 

" to the unaided eye is voll-known to natronoinura.     Tho largo nuitibor of 
•cattor ochooc with no apparent visible raotoor is therefore a result to 
be expootod.     Another approach to this problem is to consider whether tho 
choractorlEtice of the scatter qchoce would, load one to group tho oohooc 
into one class, witk properties oorrosponding closoly with thoso of notcors. 
This is indioatod in one way by the aorrcl&ticns in hourly ra.tQ. Just 
considered.    The gsaoral ooopariaon of tho properties of tho  scatter 
eohooa -with. tho*o of aot»ors la dealt with uorc fully  in Part II of this 
paper.  ' -H 
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ie_-applied We obtain a nev .Distribution,: '"i".     :. distribution  'C, .     "..._ 
detcr-dnod by -'Ac = 3 , was thon deduced iniiisodva8 the new Msuflgi 
distribution. fbr'tRSBtinuing'^o nothbd bjw'iluooessivo' approximations, _. '• ; * 
.-'ho station 'obtained is siiovn_in_^ig»  19, Hi'hortma-iflBiH bei&g about 

95 Snv, on'i-96p> of-alt the""echoes being contained-fe^a.laye* extending, 
fron 87.5 to 107.5 Jüä.    -a mentioned, in Efirt ITThiF I'.yc.r ojrrs-^S:u.' 

.5H>W './ithjfchc noroäl observed heights of'netoors and their tr&toai] 
risg"*(22). concluded_that," in-geneiral, raoteors appear-at abp.ift 76.    ••. 

jtolos (approx, 122. Ija») and disappear at about 51 i.'.iloir ("approx. - 02'..:.:, ) 
;irowbridgc (17) computed that_the, mean height of trains-was 87 jjfo;,  the- lisnitc 
.for appearance and disappearance being 103 'Ha» ana"70 Kb, '^respgfctivcly.  ___ 

40.      It Ins been lenown from the earliest observations of the short scatter ..." ,.• •• 
^echoes that they are rougltfy _sitn.atcd''iii 'the E region, of the p.onosphcrc. 

— * -   Ht is thcrefore'oT "interest -6or~consldcr to-what extent tho height of". 
raaxinur. occurcncc is'related to the heights of the ;:mx4jiatST"iatvisation- -•--  
density of normal qr abnormal E layers«'    Mow /.pplejfcon and IFais.dth—Ü--   —' 
(2) found that the mean heights of the naximum ionisation level for the 
normal E were 120 and 134 lä». for .aummor and winter r«spoctivxjlv,*toile for tho- 
dncnaal- Eihcy-.wero .115«nd~13a,Km. respecti'irely.Sinoe- the region -of maximim 

 .frequency of occurcnoo of theseatter echoes is around 95 Ba. we conclude 
tttatJt is not related in height to tile EJLayors. "accepting the theory 
that tho uoteor can4_,by virtue of its high volocdi^^-produco' a"tgghTyL 
ionised -column of0gaß, wo'.may infer that the /.icfeor 'itself is the jxin       '-.- 

.    ionising agency and. that in this region . thö~aSäospheric Conditions arc 
appropriate for ionisation to occur üO*is T'ay.    No'pernanenfr--eondition 
of ionisation need bo-assumed and'if. E . Icyer ionisation is a.,factor,, it ,, 
has only ä minor .effect.,  This is "not surprising since "'ther-fre^jeroilSE 
usedjin'the present investigation-are of the ©rdor -of lotinos tho "critical.  
frequencies for "tho norflal or abnormal E layers. -This implies that ya  " 
are'concernocL-with regions with'electron densities of the order of lOEr 

"',tijiies^tnat of the E layers,    'w'e'thus prefer to consider the region as n 
•'   "jsoparatd one and we 'nay re,for to it as tho • .netcoric layer "'t   It will 

s. tie seen that'_thejhapo of the height curve' ( rig' 19 ). apprgx(ifaates-in' •r" 
'   . characteristics to* a Chapman region, \toich night bo expected for • —' • 

ionisation produced by an external agcnl^_n£J;Bi£ nature even" though the       ; 

ionisation is. only of "transient duration. * •    . -   •__ 

41« •   _ It is o'f interest to. determine whether "the rnngcT distributions are 
thiTsääe. f or scattcr-echoes of different characteristics- induratTSfi or 
complexity'.    In ?ig.  20 tho range distribution for 'fcioncntary oehoos'v, , 
(duratiotrloss than j- sec) isr oor^ärecT .^Jitfe-that of echoes of longer 
duration, and that for echoes of conplcx jvppojranco with tliat for single, 
echoes.    In'both cases we see that longer duimtion.echoes-and. complex   ' 
ones show, a range coverage extending, to slightly greater heights.      ._        '  —r- 
Variations in iiioteors,   such as_siZ0jjcclocity,  fragmenttition,  etc.,. 
are assuned to be tho controlling factors.    Meteors of greater speed 
night bo expected to produco'ionisation at greater heights .whore the ra£e   • 
of ionic recombination is slower due"to reduced pressure_and tho ochoea 
consequently of longer duration.    It does not -qppcar- jiistif ictble to 
postulate origins of a different, nature according to-theccho'characteristics, 

.',, particularly as the differences -in range distribution-are small.    Further 
' -—-     support for this '-viow is afforded by the determination of correlation 

ooeffioionts for the following entities:- .... - 
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echoes 

Couple^  c : 
(Kultip" c 

Correlation 
Oo-off 

)0 Q-.ys,   by days 

0.&7 

o,56 

(No aorrolaticr. wo."  found, botrfcon  octplex echoes' ana. long 
duration  sabots.) 

MTION py ^CITSR BCHDES " . 

4-2. Btf uftjmrity r? tl* ochoiM appear stationery Jn  («eg«;    approximately 
2£ show a r.iovor.cnr  in «roHga.     This  chMJV.e  ia uoct  o] d in th» 
cr.so  of  the Ctlofl'<   hoca   lljf-Ot oc.hooK of dur-.tTon  exceeding 1   soo. 
«how a apvatwnt;   IUJ 4 -CW? t* indat)V-' r< iV r». jy. 
'.^csa r-     ".'.       ' , i". .funeral, 
sufficient ."for  thu  r7Tv<s\ui   tx    i      • •. : . 
itaolf.    .If the n.teei' u t)ie votffM    f 
the so£sttcii ech: . uid«<Bc 
view,  ana If the tr.%in  »1« tvot 

•--drift,   the pang- "-;JU!4 J
V

 <" - *•• 
rcductiiin   j-.'.rr.". ! tfho *lp  >j=ed . 
colinn. . rn«>br: *• of 4if1 .   • 
appeared t._  no, riant G.t>C£ Ttw   p-ii- r.c^ohd JSJT bcri^r,   if  obaor^cvtio» 'of 
tho  orjipr ai   1.-   info ';bv At1. z  I 04 aadti g.-^atcr 
inseWUMaly  aftor.foroction of the tmt,      If thu mWa  in  "--hi   first fu* 
Booon4rfl3«j or the  ore< I X) than» grutr ' \i 
account for the  trend    'iznväa rt.duoeA'ran-T, 

A>J. Drifts jjr»3  1 •'  i- . tor 
footer which can sou»   rrjigc I 
(23)« •>* CI "<•'     '•: • 
show both different  veloc '• .".•.fierer- 
cities aro coner-lly   jf t 
rat« cf novenwit r*aulti«i 
oh the distorted  trcuji i/^ht be- nuch great 

W*. In this eon  ootior. wo i.ry rafor toScfcarsloy -;,  -.^ho     "~ 
considered, tho Lictooric.oxj-l.-hati rw.tiin- 
showing that vhon  :. Matter ooho  I ivflcxi 
occurs,  irrtiile after a few soc '.el; 

~   spoood oontroa.    This rc?ult{    her..v-. 
rwtoor trains,  which aro at first  ooqporr.t - i   booOKM 

..   distorted.    Tr^bridgo (17N ^ho following 
obBorwcx1 a report-rf a rateor train,  or streak ...   'It i TOgf 
bright and unbroken,     t: ' I  •  iharp  in   .xitluic,,. ... 
but in two  i*oöndg,   ix becrau   ^rooloxi  sad  atnuous.'' . 

if5.                Tho obsorvutibn of 'r|u.ti]vs    ir. :\-coivor» v-mod tc  oMrflon 
short wave trar.g '   .                                                     25),   «be 
also roportod ao -                             Thoao 

^^    _'whi«t"._ i'   v 
 th« relative :..'-• .                                                                                            -i=7 

with our DN/n   . •                                    -  ngo 
ncvomor. t:,   T.«'  ^^ • "': • ••— '-     ' roadside 

( 
^ 
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reflexions l'r. . nation,      o en, '•  ,  
however,   suggest tentative^--th... follört     -—•      iiilit-ies;    "(a) the echo 
from tha head bf the i ..                      —7 bis more reaälJy• deteotabJas 

.    .    around 7 l&yfSj 'S» r                                                    .     i- nervation ay than  at 
our radio frequency of-about 70 Uya,  and a continuous note presented 
aurally in any-ctrse proviuo;                1   ^sit.ive «moans of detection than the 
visual presentation of a pulse'on 'a cathode ray tube;   -(h) the meteoric, 

. -       ''whistles' inay.be intact caused by the lateral expansion ofpthe meteor 
«trealc or train;    (c) -that-some of our observations of echoes movin 

:  range' (seo Fig.  21)  represent actual movement of_theT5ead of thc'icr. 
oolumn, but that in general such-echoes arc raiasod in comparison with the 

."'         stronger and more enduring reflexions from the columns viewed fror: the 
:        " side.  ,  —; 

1^IJ Chasanlal ami Yenkataracan found t:.- . turns were. 
obtained by pulse refloxion «ethads on 7 MGJjfgjJhey appeir;.d -to follow 

.  the passage of a octcor as indicated by a whistle in-a receiver tuned to 
. a C.V. tranami't|er on a slightly different frequency.    They considered 
this to J3ö_cxpla:'.ncd by the  settling into -a stAjif-       layer 
Ionisation prouuqcd by the passage of the meteor. _iii a few occasions 
only they not toed Is. pa1 .-o return with rapidly decreasing rsngc ' 
occurrArigVsimultancousl. . jrong Doppl i       .    In cur .view the 
Most lively cxplanatioi. the ionised air at V^oor 
is generally :.:'   . 1   r flexion^methods boc 
amplitude at •'•        '.      .;.'_' 0. '.   .•„.- iral pri .   ;. 
Dopplcr note be i a sit, Lv ; u 
pulse reflexion • .-•— .  • [an 

'- the "train has reached- a;r.>roxiraat' n-   • . 
normal from th      boon 1 to the line of travel of tj 

hi. 

I 

sifflrx ::;?ICT;G'S:; . • 

We will now consider .... 
a figurc-f . mean-sqa .    H i^pjpor 
the maximum ajjplitudi he echo puie« sßß&,on tha  tal 
(This maxi;.::: — 
receiver display is laiown to gin     .; 1  ::imate proportionality bt.--. 
echo, height and fcha_peak echo power.    Tig.  22 shows the - 
distribution, of echo amplitudes ant! hence of echo power: 

• ' to ,tho noise level.    Offing t< - '  • Llity of oii-trd: 
•   estimation of very low signa]   jiplHwdoB wo hove   •;:    Ldcr ._ 

or-ics where the ratio of .sigeal exceeds. 112J, 
rr,d have therefore taken this as our lower limit or 
true distribution of echoing areas ij ,   .   ••; 
power distribution, by t« 
.decreases pro - ifl regions further and fit.- 

48. .It was four. 1 that a. •••.'-,-•-• 
strength distribu '•1  ..."        - .  '.-      •    . 
oloraontary probsbilit; '.. .. • 

•' -..-.       . S. echoing area be ' 

Sv 

«n»    I 

<# 

If 
• 
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-Iso thf.t tha osttmato 
c.rdöd ac 

ring 
i vary witb vha 'incidence 
1 O^ities, 

•..•no;; o: .q.irtk i. __•. j_, 
.loos for tho oblique  itation3•&ccoru 
explainod jgtt ti-ras of aspect 

or Btroak or twta !-• 

:. which would proaoirr, the boat oohoir.g ar^a ii ttqo 
c.t  ri: ht angles J. - .sc  it should bo possible Irom 
tho tirw of .iurnol variation to aalco a'oao 
ini\ boor Jtroana, 
Moot  their . .">or roäisntn 

if it roete on obocrvatioac 
xnd vo httv . for 

»•,   '  • 
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La -iß*  2V 
12 give a aatisi'actory 

• of  ' . .. .1' poakp 

I 

'-'^', ,,c   "hal KJ  0f hourly  rate for the 
PC1 . ... -.TB1.B2.B3 

ai)0VB« positions corresponding to 
th._  autöri . „-S.,  ai» showi 
in "-"g.  27^ 30°, 
Deci.  - 12' .       Ia    ig.  2 >.   the  1 

. 
atrilcing ogreeniont  ll r. BOT«  r by  consider tlofl of 

B1  which exhibitE  Q no;ably  loycr level  ol   r». . . .rage 
of this site never  include.- the radiant ti    lc  a for the 
apsonet- tinnt 
n iquarlda, 

5*» of the 
offc • irtioal 
SX* .'ig.   29) 
arid 
twice. 
tli». «icy, )      Ti 

plane 1. 
bo t*> 
•and -. •     - g 
(AI or A2 

ti mal 
- . 

: 
n diact. R, 

• 

*j   -630 hra.; 
dtnr: ,    . ,aint> 

clearer pa rant for tlic  v.-rtical  . than  at  .. 
  

-   -•laiafeü fur 
thoau radiants tet    • . iany ofchfci -diants «let,   of 
course u tho width »f the roAio b«am.   hej Prantod <jy 

•aolysia    - urthor,   tliui . :nay be other 
ogitic«  to acs'.i:- y<-1-,   sue). 

10 angle of ir.ci. /er for 
: g an offeotivc  rail _x 

Loo by us-tig narrow? rada    t* . toad  to 
iatloo 0-1' ontso 

Wo doecrfi>od iii 10 4ut&ilo4 correlation Trtiich exists b«rwoon 
iryrooe of .ohoetiand oeteor L'^WOTS.      Thic 

m» domooztraced,  for ojcanpl. . 5.   11   in wfaioh tbu peaks in  frequency 
of ooourrasioo of so -ui.-d wita tho .juadr&ntida and lyrid 
shewora.      Bio oorr . re  strikingly  Ln Pig, J1  by 

-hoos.      Echoes of this 
ta-jc pMrai ..   1        .    J\-       UL<:    V.-ai.  a  fjr,  fcUoaexroE  in  range»       It  is 

5  the  oorr. rpoodenoe KM 
exoooding 3 "•-•3«.   In 

- 

i -.  : d 

aoratii X 
1     9),   (10), 

l arly 
• 

^sT>«n the 
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I abn rsnal E layer and  the  rt.t;ion of maximum  tn -o of 
sottrrr  c"hCR3S;     it   .'oes   n, • Utibl« 

'   r  oobe*« merely •*  the   laxuHt  | i 
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